Introduction {#S1}
============

Thyroid cancers are the most common endocrine malignancy, currently comprising approximately 1% of all human cancers in the USA and increasing in incidence ([@R1],[@R2]). Roughly 80 to 85% of thyroid cancers are well differentiated papillary thyroid carcinomas (PTC) and have an excellent prognosis, yet a small portion of PTC patients develop aggressive PTC which can lead to invasive tumors and/or distant metastases ([@R1]--[@R3]). Approximately 2% of thyroid cancers are anaplastic thyroid carcinoma (ATC), which remains one of the most lethal and treatment resistant human cancers since patients usually succumb to the disease within 12 months of diagnosis ([@R2]). Some studies have shown that ATCs may arise from the well-differentiated PTC through dedifferentiation pathways ([@R4]). However, others have hypothesized that ATC may be derived from cancer stem-like cells (CSCs), also known as tumor initiating cells ([@R5]--[@R8]).

Exosomes are small (30--150 nm) membranous vesicles of endocytic origin secreted by most cells that play a significant role in cell-to-cell communication. They can transfer their contents, which include DNA, protein, growth factors, miRNAs and lncRNAs, to adjacent and distant cells ([@R9]). Exosomes and their contents can contribute to the induction of EMT, inculcate tumor microenvironment to form a metastatic niche, and modulate host immunity to escape immune response ([@R10]--[@R16]). One study found that cancer derived exosomes delivered ncRNAs to non-cancerous cells ([@R17]). Some investigations have reported that exosomes may even determine which organ is targeted by metastasis ([@R18]). The use of patient blood and other bodily fluids to isolate exosomes (liquid biopsy) provides a real-time, non-invasive method to monitor disease progression and determine therapy options ([@R19]--[@R21]). Additionally, exosomes are now being studied as therapeutic delivery agents for treating many diseases, including targeting CSCs ([@R22]--[@R25]).

CSCs can be characterized by several factors, such as; self-renewal abilities, stem cell marker expression (i.e. SOX2, NANOG, and OCT4), resistance to chemotherapy and radiation therapy, multipotent capability, recurrent and metastatic disease, ability to form spheroids in unattached serum-free culture conditions, initiate tumorigenesis and the ability to recapitulate the heterogeneity of the parent tumor ([@R26],[@R27]). The production of CSCs has been linked to epithelial-mesenchymal transition (EMT) and the acquisition of stemness ([@R26], [@R28]--[@R31]). EMT is a process where epithelial cells undergo a transition to a mesenchymal phenotype characterized by the loss of E-cadherin by the activation of one or several factors such as; SNAIL, SLUG, ZEBs and TWIST ([@R29],[@R32],[@R33]). Many non-coding RNAs (ncRNA) such as microRNAs (miRNA) and long-non-coding RNAs (lncRNA) also can initiate the EMT process ([@R34]). Cancer cells that undergo EMT gain enhanced migratory capacity and invasiveness, allowing primary tumor cells to metastasize and form secondary tumors throughout the body.

Results from the Human Genome Project study revealed that thousands of ncRNAs were transcribed and played a significant role in gene regulation, especially through epigenetic modifications ([@R35]). There are a variety of subclasses of ncRNAs, including small ncRNAs (miRNA, snRNA, tRNA, piRNA, snoRNAs) and long ncRNAs (lncRNAs). LncRNAs are greater than 200 nucleotides and have a variety of targets and functions, such as chromatin remodeling, miRNA sponges and splicing modulators ([@R36]). Four lncRNAs that we have previously explored in thyroid cancer (HOTAIR, linc-ROR, MALAT1 and PVT1 ([@R38])) were included in the present study. HOTAIR has been correlated with metastasis and poor survival outcome in breast, colon and lung cancers ([@R37]) and has been shown to be highly up-regulated in thyroid cancer ([@R36]). Linc-ROR (long intergenic non-coding RNA, regulator of reprogramming) has also been linked to metastasis as well as EMT ([@R37]). MALAT1 has been shown to be expressed in many cancer types and is also correlated to metastasis ([@R37]). Additionally, MALAT1 has been shown to be upregulated in thyroid cancer progression in PTC and FTC, but not in ATC, indicating a potential tool in classification of thyroid carcinoma ([@R38]). PVT1 has been found to be upregulated in thyroid cancers and has been linked to poor prognosis in several cancers ([@R36]).

Our present studies utilized two CSC clonal lines, A3 and D3 ([@R39]), to examine CSC exosomes and their contents to gain further understanding about the biology of CSCs, their involvement in EMT and cancer progression and their ability to reprogram the metastatic niche with their contents.

Materials and Methods {#S2}
=====================

Cell culture, EMT model and CSC clone formation {#S3}
-----------------------------------------------

The thyroid papillary carcinoma cell line TPC-1 was provided by Dr. Daniel Ruan (Brigham and Women's Hospital, Boston, MA) and was maintained in RPMI with 10% FBS and 1% penicillin/streptomycin at 37°C, 5% CO~2~. The THJ-16T anaplastic thyroid carcinoma cell line was provided by Dr. J. Copland (Mayo Clinic, Jacksonville, FL) and maintained in RPMI with 10% FBS, 1% non-essential amino acids, 1% sodium pyruvate and 1% penicillin/streptomycin at 37°C, 5% CO~2~. The normal thyroid cell line NTHY-ori-3 was purchased from Sigma and maintained in RPMI with 10% FBS and 1% penicillin/streptomycin at 37°C, 5% CO~2~. To verify the authenticity of the TPC-1 and THJ-16T cell lines, DNA short tandem repeat (STR) analysis was performed by DDC (DNA Diagnostics Center, Fairfield, OH). The cell lines were tested using 19 markers and were found to be authentic.

To induce EMT, the TPC-1 cell line was plated at a density of 1 × 10^6^ per 75mm flask, cultured with serum-free media (modified from Fierabracci ([@R40])), (EGF and FGF omitted) with (treated) or without (control) 10 ng/ml hrTGFβ1 (TGFβ) (R&D Systems, Minneapolis, Mn.) for 3 and 6 days. These cells and their isolated exosomes will furthermore be referred to as EMT cells or EMT exosomes.

CSC clonal spheroid cell line formation was described previously ([@R29],[@R39]). These cells and their isolated exosomes will furthermore be referred to as clones or clonal exosomes.

Exosome Isolation, Purification, Quantification and NTA Analysis {#S4}
----------------------------------------------------------------

Both the EMT cells and the CSC clones D3 and A3 culture supernatants were harvested, centrifuged at 1100 rpm for 3 min to remove cells and debris and exosomes precipitated overnight at 4°C with ExoQuick TC (Systems Biosciences, Palo Alto, Ca.) according to manufacturer's instructions. The resulting pellets were suspended in 300 ml PBS and further immuno-magnetically purified using CD81 coated 9 mm beads (ExoFlow, Systems Biosciences) according to manufacturer's instructions. The exosome coated beads were then analyzed by flow cytometry or the exosomes were eluted from the beads for further analysis. Some eluted purified exosomes were subjected to nanoparticle tracking analysis (NTA) on the NanoSight NS300 performed by PTL (Particle Technology Labs, Downers Grove, Il.) while others were quantified by the ExoTest ELISA (Galen Laboratory Supplies, Middleton, Ct.) according to manufacturer's instructions. Additionally, some exosomes were further purified on a 30% sucrose cushion to remove any remaining debris from processing for electron microscopy.

Flow Cytometry {#S5}
--------------

Cells were harvested and ALDH activity analyzed by the ALDEFLUOR^™^ Kit (STEMCELLS Technology, Vancouver, B.C., Canada) according to manufacturer's instructions as previously reported ([@R29],[@R39]). Exosome coated beads were stained and analyzed by flow cytometry using the ExoFlow Kit (Systems Biosciences) according to manufacturer's instructions. Antibody coated beads devoid of exosomes were used as a negative control. Flow Cytometry was performed on the BD FACSCalibur^™^ and analyzed with the Cyflogic v.1.2.1 software.

Exosomal Transfer Cultures {#S6}
--------------------------

Purified clonal exosomes were added to 1 × 10^5^ NTHY-ori-3 cultures at either 5 or 10 μg and incubated in 10 ml RPMI with 10% exosome free FBS and 1% penicillin/streptomycin for 72 hours at 37°C, 5% CO~2~. Additionally, 10 μg of purified EMT exosomes from control (days 3 and 6) and TGFβ treated (days 3 and 6) cultures were added to 1 × 10^5^ naïve TPC1 cell cultures and incubated in 10 ml RPMI with 10% exosome free FBS and 1% penicillin/streptomycin for 72 hours at 37°C, 5% CO~2~. After 72 hours, cells were harvested for RNA analysis.

Real-time qPCR {#S7}
--------------

Total RNA was extracted from cell culture samples and isolated purified exosomes with TRIzol reagent (ThermoFisher Scientific, Waltham, MA) according to the manufacturer's instructions, and RNA quality and concentrations were assessed with a NanoDrop 1000 spectrophotometer (ThermoFisher Scientific, Waltham, MA). 1 μg of total RNA was reverse-transcribed using the All-in-One miRNA RT-qPCR detection kit (GeneCopoeia Rockville, MD). RT-qPCR was performed on a CFX96 PCR detection system (Bio-Rad Laboratories, Hercules, CA) using Bullseye EvaGreen qPCR master mix (MIDSCI, St. Louis, MO), normalized to 18S rRNA; relative fold change was determined by the ΔΔ CT method. The PCR primers used are **PVT1**; Forward 5′-TGAGAACTGTCCTTACGTGACC-3′ and Reverse 5′-AGAGCACCAAGACTGGCTCT-3′, **HOTAIR**; Forward 5′-CAGTGGGGAACTCTGACTCG-3′ and Reverse 5′-GTGCCTGGTGCTCTCTTACC-3′, **MALAT1**; Forward 5′-GACGGAGGTTGAGATGAAGC-3′ and Reverse 5′-ATTCGGGGCTCTGTAGTCCT-3′, Linc-**ROR1**; Forward 5′-CTGGCTTTCTGGTTTGACG-3′ and Reverse 5′-CAGGAGGTTACTGGACTTGGAG-3′, **SOX2**; Forward 5′-GCACATGAACGGCTGGAGCAACG-3′ and Reverse 5′-ATTCGGGGCTCTGTAGTCCT-3′, **SLUG**; Forward 5′-ATGCATATTCGGACCCACAC-3′ and Reverse 5′-GCAGATGAGCCCTCAGATTT-3′, **SMAD4**; Forward 5′-CCATTTTCCAATCATCCTGCT-3′ and Reverse 5′-ACCTTTGCCTATGTGCAACC-3′, and **18S**; Forward 5′-GTAACCCGTTGAACCCCATT-3′ and Reverse 5′-CCATCCAATCGGTAGTAGCG-3′.

Proliferation and Invasion Assays {#S8}
---------------------------------

TPC1 and NTHY-ori-3 cells were seeded into 96 well plates at 1 × 10^4^/well (6 replicates per each treatment condition) in 100 μl serum-free/antibiotic-free media. Purified EMT exosomes from each treatment group of EMT cultures were added to TPC1 well sets at 5 mg of exosomes per treatment group for 72 hours at 37°C, 5% CO~2~. One set of TPC1 wells had no exosomes added and used as a control group. Additionally, purified clonal exosomes, both D3 and A3 individually, were added to the NTHY-ori-3 well sets at 5 mg of exosomes per well for 72 hours at 37°C, 5% CO~2~. Again, one set of NTHY-ori-3 wells had no exosomes added as a control group. After 72 hours incubation, the Vybrant® MTT Cell Proliferation Assay Kit (Life Technologies) and the Cultrex BME Cell Invasion Assay (R&D Systems) were performed according to protocol. The 96 well plate for the invasion assay was coated with 0.1 X BME (basement membrane extract) overnight prior to seeding cells. Analysis for both assays used the SpectraMax M3 Multi-Mode Microplate Reader with SoftMax Pro (6.2.2) software.

Electron Microscopy {#S9}
-------------------

For standard transmission electron microscopy, exosomes were fixed in 1% glutaraldehyde overnight at 4°C, adsorbed onto 200 mesh formvar coated copper grids, stained with contrast dye containing 1% uranyl acetate for 10 minutes and viewed on in a Hitachi H-7650 transmission electron microscope.

For ImmunoGold labeling, exosomes were fixed in 1% glutaraldehyde overnight at 4°C, adsorbed onto 300 square mesh formvar coated nickel grids and incubated with rabbit anti-human CD9 antibody (5ug/ml, Abcam \#ab92726) for 1 hour at room temperature. Incubation buffer (PBS + 0.1% BSA-c) served as a blank control. Following 6 washes in incubation buffer, exosomes were incubated with 40ul goat anti-rabbit antibody with 6-nm gold particles attached (1:40 diluted, Aurion) for 1 hour at room temperature. Following 6 washes in incubation buffer, 3 washes in PBS, grids were fixed in 1% glutaraldehyde, incubated in contrast dye containing 1% uranyl acetate for 10 minutes and viewed on a Hitachi H-7650 transmission electron microscope.

Statistics {#S10}
----------

Student's t-test was used to analyze data collected. Two-tailed P values of \<0.05 were considered to be statistically significant. Data are expressed as means ± standard error of the mean (SEM). All experiments were performed at least twice.

Results {#S11}
=======

With the recent advances in exosomal isolation and evaluations, we have isolated exosomes from the EMT model as well as two CSC lines to begin characterization of CSC exosomes and their effect on EMT, metastasis and cancer progression. We have successfully isolated and purified CSC exosomes with a combination of polymeric precipitation and anti-CD81 labelled magnetic bead isolation, as evidenced by electron microscopy (both negatively stained and anti-CD9 gold beads) and Nano Particle Tracking ([Fig 1](#F1){ref-type="fig"}).

In our previous TGFβ induced EMT model, we studied the up/down-regulation of miRNAs and EMT transcriptional factors as well as the increased production of CSCs during EMT ([@R29]). Here we begin to characterize the effect EMT induction has on lncRNAs. Additionally, we begin to examine the effect EMT has on exosomal production and their content.

TGFβ Induced EMT Model {#S12}
----------------------

The well-differentiated papillary thyroid carcinoma cell line TPC1 was incubated with or without 10 ng/ml TGFβ for 3 and 6 days in serum-free media. Proliferation was measured at the end of 6 days of treatment which exhibited a significant growth inhibition exerted on the treated cells by TGFβ, indicating that the TGFβ pathway was intact and fully functional ([Fig. 2a](#F2){ref-type="fig"}). Additionally, the cells were examined for lncRNA expression after 6 days of treatment by RT-qPCR revealing a significant upregulation in 3 out of the 4 lncRNAs studied ([Fig 2b](#F2){ref-type="fig"}). It was not surprising to find that MALAT1, PVT1 and linc-ROR were significantly upregulated by TGFβ treatment, considering that these ncRNAs are directly related to regulating the TGFβ pathway, EMT, cell motility, metastasis and epigenetic modifications ([@R16],[@R36],[@R37],[@R41]). Interestingly, HOTAIR expression was not affected by TGFβ treatment in the TPC-1 cell line ([Fig. 2b](#F2){ref-type="fig"}).

Previously, it has been shown that cancer cells produce and secrete more exosomes than do their normal counterparts ([@R10],[@R23]) and that more exosomes are released as disease stage increases ([@R42]). Therefore, we examined whether EMT induction also increased exosomal production. Exosomes from both TGFβ treated and control cells were isolated by precipitation and further purified by binding the exosomes to CD-81 coated 9 μm beads, stained with an exosomal membrane stain and measured by flow cytometry and ELISA ([Fig 2c and 2d](#F2){ref-type="fig"}, respectively). The TGFβ treated cells produced more exosomes than the control treated group even though the control group contained more cells due to the growth inhibition exerted by TGFβ on the treated group.

Several investigators have shown that cancer exosomes can modify adjacent and distant cells for the facilitation of EMT and the inculcation of the metastatic niche ([@R43]). We examined the effects of TGFβ induced EMT cancer exosomes on naïve TPC1 cells and examined their ability to initiate EMT and modify the expression of EMT factors and lncRNAs. We isolated exosomes from control and treated cells at days 3 and 6 and incubated them with naïve TPC1 cells for 3 days. We tested the naïve cells for ncRNA expression, EMT effectors, proliferation and invasive potential. TGFβ treated exosomes significantly upregulated MALAT1 in the naïve cells over that of the control treated exosomes ([Fig 3a](#F3){ref-type="fig"}). TGFβ treated exosomes also upregulated EMT and stem-like cell markers ([Fig 3b--d](#F3){ref-type="fig"}) and decreased proliferation, particularly at day 6, in the naïve TPC1 cells. However, invasiveness increased in the day 6 TGFβ treated exosome group although this effect was not significant ([Fig 3f](#F3){ref-type="fig"}).

CSC Exosomal Model {#S13}
------------------

As mentioned earlier, we previously isolated thyroid CSCs and derived two clonal CSC lines from the ATC line THJ-16T ([@R39]). Briefly, we isolated extremely high ALDH expressing cells, plated at the single cell per well in ultra-low attached conditions with a defined serum-free media for clonal expansion. These clones exhibited a high percentage of symmetrical division and retained their high expression of ALDH as tested by the ALDEFLUOR Assay ([Table 1](#T1){ref-type="table"}) ([@R39]). Additionally, the clones express significantly high levels of stem cells markers and mesenchymal/EMT markers ([Fig 4a and 4b](#F4){ref-type="fig"}). We probed the clones to determine their lncRNA expression levels and found two lncRNAs, MALAT1 and linc-ROR, were highly expressed compared to the parental line THJ-16T ([Fig 4c--f](#F4){ref-type="fig"}). Surprisingly, HOTAIR and PVT1 were downregulated in the clones compared to the parental line.

Similarly to the EMT model, we examined the production of exosomes from the two clonal lines, the parental line and the TPC1 line. We hypothesized that the clones, due to their derivation from ATC, and the THJ-16T line would produce more exosomes than the well-differentiated TPC1 cell line. Additionally, we hypothesized that the clones would also produce more exosomes than their parental line, due to their increased tumorigenicity over the THJ-16T line ([@R39]). We plated 1 × 10^6^ cells from each line in an exosome-free serum media for 24 hours and harvested, isolated and analyzed the relative number of exosomes produced by each line by flow cytometry ([Fig 5](#F5){ref-type="fig"}). Confirming our expectations, the ATC line produced twice the amount of exosomes than the well differentiated PTC line and the CSC clones produced 3 to 4 times the amount of exosomes than TPC1. Additionally, the CSC clones also produced more exosomes as compared to the parental line.

We examined the effects of the CSC exosomes and their ability to transfer contents and modify naïve cells. We isolated and purified exosomes from both the clonal lines and quantified them by ELISA. Naïve cultures of the normal thyroid cell line NTHY-ori-3 (NTHY) were plated and 1 × 10^8^ exosomes from each clone were incubated with the NTHY cells in exosome-free media for 3 days. The NTHY cells were then harvested, RNA isolated and analyzed by RT-qPCR for expression profiles. Both clones were able to transfer and significantly upregulate the ncRNAs MALAT1 and linc-ROR ([Fig 6a and b](#F6){ref-type="fig"}), as well as the EMT marker SLUG and the stem cell transcription factor SOX2 ([Fig 6c and d](#F6){ref-type="fig"}).

Next we needed to ascertain if this transfer was simply just an uptake of content or if there was functionality to the contents transferred. We analyzed the exosomes effect on the proliferative ability of the naïve cells. NTHY cells were plated with exosomes from both CSC clones and incubated for 3 days and proliferation was measured by the MTT assay. The exosomes from both clones significantly increased the proliferative ability of the treated cells than the control NTHY cells ([Fig. 7a](#F7){ref-type="fig"}). Additionally, we analyzed the ability to induce invasiveness by the exosomal content transfer. Again, both CSC exosomes induced a significant increase in the NTHY cells invasive abilities ([Fig 7b](#F7){ref-type="fig"}).

Discussion {#S14}
==========

Biomedical research into human thyroid cancers has made great strides over the past few decades. New technologies and discoveries have advanced our understanding of cancer biology and have opened a myriad of new treatment strategies, many with great success. Unfortunately, there remain many cancer types that successful treatment options continue to be elusive; ATC is in the latter category. Recent insights into various types of RNA have given researchers many new avenues to explore and a greater insight to the intricacies of the carcinogenesis process. Additionally, recent advancement in the discovery and understanding both CSCs and exosomes and their functions has opened even more avenues for diagnosis, prognosis and potential treatment strategies.

Previously, our laboratory worked on finding and isolating thyroid CSCs and to study the relationship with EMT, metastasis and cancer progression. After many attempts, we successfully isolated two single cells that, when upon clonal expansion, exhibited high self-renewal properties, retained extremely high EMT and stem cell marker expression and proved to be highly tumorigenic and invasive ([@R39]). With the current study, we began to examine the ncRNA expression and the production and function of exosomes of these CSC clones. We were successful in isolating and purifying clonal exosomes, as evidenced by electron microscopy and Nanoparticle Tracking Analysis. We were also successful isolating exosomes from our serum-free EMT model.

From our EMT model, we isolated RNA and performed RT-qPCR to analyze stem cell markers, EMT markers and lncRNAs expression. We found that TGFβ treatment significantly upregulated SOX2, SLUG, PVT1, MALAT1 and linc-ROR over that of the control. Interestingly, we found that HOTAIR was slightly elevated due to TGFβ treatment but the control had high expression as well and the difference was not significant. The clones were analyzed for the same markers and revealed significant upregulation of SOX2 and SLUG over that of the parental ATC line. Interestingly, there was differential expression of lncRNA in the CSC clones. MALAT1 and linc-ROR were highly expressed in the CSCs, however, PVT1 and HOTAIR were significantly down-regulated. In our recent study, we noted that MALAT1 was highly expressed in PTC but greatly reduced in ATC ([@R38]). Similarly, we also found that PVT1, HOTAIR and linc-ROR are also greatly reduced in ATC compared to PTC ([@R44]). The exact meaning and function of why MALAT1 and linc-ROR were highly expressed in the CSCs remains elusive and further investigation is underway.

Exosomes from the EMT model were isolated, purified, quantified and incubated with naïve TPC1 cells for 3 days and the cells analyzed to determine if exosomal transfer had occurred. MALAT1 was significantly upregulated in the naïve cells incubated with exosomes from the TGFβ treated cells. Similarly, SOX2, SLUG and SMAD4 were also upregulated, although primarily from the day 6 treated exosomes. It is conceivable that this increase may be due to small amounts of TGFβ carried within the exosomes and delivered to the naïve cells that could initiate the TGFβ pathway. Further investigations are ongoing. Functionality of the exosomal contents transferred to the naïve TPC1 cells was analyzed. Proliferation and invasion studies were performed and a significant reduction in proliferation from the day 6 TGFβ-treated exosomes was observed, however, no significant change in invasion was seen. Therefore, while some EMT markers were affected by the uptake of TGFβ treated exosomes, the EMT program had not been initiated.

Exosomes from the CSC clones were isolated, purified and quantified. CSC exosomes were cultured with the normal thyroid cell line NTHY-ori-3 for 3 days. The cells were analyzed for exosomal transfer and compared to the naïve NTHY cell line. The NTHY cells incubated with exosomes from both the CSC lines showed highly significant upregulation of the lncRNAs MALAT1 and linc-ROR, the EMT marker SLUG and the stem cell marker SOX2, compared to the untreated naïve cells. Similarly to the EMT model previously discussed, functionality of the transferred material was also analyzed by proliferation and invasion assays. NTHY cells incubated with CSC exosomes revealed significantly increased proliferative ability compared to the control cells. Importantly, the invasive ability was also significantly increased compared to control cells. Unlike the EMT exosomes, the EMT program was induced and initiated by the exosomal transfer of material from the CSC exosomes.

Interestingly, both the EMT and the CSC exosomes transferred MALAT1, SOX2 and SLUG to their respective naïve cells and increased proliferation in those cells. However, the EMT exosomes did not initiate EMT, evidenced by the lack of induction of invasion. Conversely, the CSC exosomes significantly increased the invasiveness of normal cells, as well as linc-ROR. We hypothesize that the transfer and expression of long intergenic non-coding RNA-regulator of reprogramming (linc-ROR) by CSC exosomes is responsible for the induction of the EMT program and the significant increase in the invasive potential of normal thyroid cells. SiRNA studies targeting linc-ROR within the CSC exosomal model are underway.

In summary, this study illustrates the ability of exosomes to communicate with and modulate adjacent and distant tumor microenvironment through the transfer of ncRNAs and other modulators. Additionally, we demonstrate that CSC exosomes can induce EMT in normal non-cancerous thyroid cells by the transfer and expression of linc-ROR. With these insights, more direct and effective therapeutic treatment strategies can be discovered for targeting CSCs, their exosomes and/or the ncRNA linc-ROR for treating aggressive thyroid cancers.
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![Exosome Isolation. A) Electron micrograph of uranyl acetate stained TPC-1 exosomes (top) showing typical exosomal cup-shaped morphology and CD9 ImmunoGold labelled (bottom) exosomes derived from cell culture isolated by polymeric precipitation and further purified by CD81 coated magnetic beads. Black arrows ([@R3]) indicate CD9 positive stained exosomes, white arrow ([@R1]) indicates not stained, or CD9 negative, exosome. B) Nanoparticle Tracking Analysis of TPC-1 exosomes isolated and purified as the exosomes in the EM (A).](nihms953589f1){#F1}

![(A) TPC-1 cells were incubated with 10 ng/ml TGFβ1 for 6 days and proliferation was measured using the MTT assay. TGFβ1 significantly inhibited TPC-1 cell growth. (B) RT-qPCR results of lncRNA expression in control and TGFβ treated TPC1 cells. TGFβ significantly upregulated 3 out of 4 lncRNAs. (C) Exosomes from control and TGFβ treated samples isolated with the ExoFlow kit. The gray outlined area represents negative control beads (no exosomes), the blue outline represents the control exosomes and the red outline represents the TGFβ treated exosomes. The FL1-H axis is the relative fluorescence intensity. (D) Exosomes from day 3 and day 6 of control and TGFβ treated TPC-1 cells measured by ExoTest ELISA. Data represented by means +/− SEM. \*\* = p\<0.01, \*\*\* = p\<0.001.](nihms953589f2){#F2}

![RT-qPCR results of naïve TPC-1 cells incubated with 1 × 10^8^ control and TGFβ treated TPC1 exosomes isolated at day 3 and day 6 of treatment. (A) LncRNA MALAT1 was significantly upregulated in the naïve TPC-1 cells by TGFβ treated exosomes on both days analyzed. The EMT factor SLUG (B), stem cell marker SOX2 (C) and the TGFβ pathway protein SMAD4 (D) were upregulated only on day 6 by TGFβ treated exosomes. (E) Proliferation of naïve TPC-1 cells incubated with control and TGFβ treated TPC1 exosomes was measured by MTT assay. Day 6 TGFβ treated exosomes significantly reduce proliferation. (F) Invasive properties of naïve TPC-1 cells incubated with days 3 and 6 control and TGFβ treated TPC1 exosomes were analyzed. No significant difference was seen, however, day 6 TGFβ treated exosomes began to increase invasive potential of the naïve TPC-1 cells. Data represented by means +/− SEM. \* = p\<0.05, \*\* = p\<0.01.](nihms953589f3){#F3}

![RT-qPCR results of stem cell marker SOX2 (A) and EMT marker SLUG (B) analysis of the two CSC clonal lines compared to their parental line THJ-16T. (C--F) RT-qPCR analysis of LncRNA expression of the two CSC clonal lines compared to their parental line THJ-16T. Malat-1 (C) and Linc-ROR (E) were significantly upregulated in the CSC clones, however, PVT1 (D) and HOTAIR (F) were downregulated compared to their parental line. Data represented by means +/− SEM. \* = p\<0.05, \*\* = p\<0.01.](nihms953589f4){#F4}

![Aggressive cancers and CSCs release more exosomes. Cell lines TPC-1, THJ-16T, D3 and A3 were plated at 1 × 10^6^ and incubated for 24 hours. Exosomes were then isolated, purified and analyzed by flow cytometry using the ExoFlow Kit. The CSC clones had released more exosomes compared to the ATC line THJ-16T, which in turn released more exosomes than the differentiated TPC-1 line.](nihms953589f5){#F5}

![Isolated and purified exosomes derived from each of the CSC clonal lines were added at 1 × 10^8^ exosomes per test and incubated with NTHY-ori-3 cells for 3 days. RT-qPCR was then performed to assess the expression of nc-RNAs (A & B), EMT effectors (C) and stem cell markers (D). Both CSC clone exosomes significantly transferred these modulators to the normal thyroid cell line NTHY-ori-3. Data are expressed as means =/− SEM. \* = p\<0.05, \*\* = p\<0.01, \*\*\* = p\<0.001.](nihms953589f6){#F6}

![Exosomes from CSCs induce EMT of normal cells. Isolated and purified exosomes from CSC lines were incubated with NTHY-ori-3 cells for 3 days and proliferation (A) and invasiveness (B) were measured. Both CSC exosomes induced a significant increase in the proliferative ability and invasiveness of NTHY-ori-3 cells. Data represented as means +/− SEM. \* = p\<0.05, \*\* = p\<0.01.](nihms953589f7){#F7}

###### 

ALDEFLUOR positivity % of the differentiated papillary cell line TPC-1, the anaplastic cell line THJ-16T and the two cancer stem cell clonal lines D3 and A3 as measured by flow cytometry. ALDEFLUOR activity was significantly higher in the two CSC clonal lines compared to the TPC-1 line and their parental ATC line THJ-16T.

  Cell Line   Ald%    p value
  ----------- ------- ---------
  TPC         0.25    
  16T         4.12    
  D3          95.89   p\<0.01
  A3          95.55   p\<0.01
